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CORNER PATCHES AND METHODS FOR 
TPO ROOFING 

REFERENCE TO RELATED APPLICATION 

0001. This is a continuation-in-part of U.S. patent appli 
cation Ser. No. 12/351,218 filed on 9 Jan. 2009, now U.S. Pat. 
No. 8,161,688. 

TECHNICAL FIELD 

0002 This disclosure relates generally to thermoplastic 
polyolefin (TPO) membrane roofing materials and methods 
and more particularly to TPO outside corner patches for seal 
ing around vents and other structures that protrude from a roof 
Structure. 

BACKGROUND 

0003. It is common for commercial and other roofs that are 
substantially flat to seal the roof with a waterproof membrane 
Such as polymer coated membranes, more commonly 
referred to as thermoplastic polyolefin membranes or simple 
TPO membranes. Almost all such roofs include various pro 
trusions that project upwardly from the roof deck Such as, for 
instance, vents, ductwork, air conditioning units, and the like. 
Providing a water-tight seal around Such protrusions, and 
particularly where the corners of a protrusion meet the flat 
roof deck, can be a challenge. More specifically, it is possible 
to wrap the protrusion at least partially with a skirt of TPO 
membrane with the bottom edge portion of the skirt flaring 
out to cover and be heat sealed to the roof membrane. How 
ever, this requires that the skirt be slit at the bottom of the 
corners of the protrusion, which leaves a region where the 
corners meet the flat roof unsealed and subject to leaks. 
0004 Corner pieces made from TPO have been developed 

to address this problem. For example, the Firestone(R) 
ReflexEONR inside/outside corner patch is a molded piece of 
TPO plastic with the general shape of a right angle corner 
permanently molded in. The molded corner is placed around 
the bottom corner of a protrusion and the patch is heat sealed 
to the surrounding TPO membranes to seal the corner. In 
contrast, GenFlex(RTPO reinforced outside corners are fac 
tory fabricated corners made from high performance TPO 
roofing membrane. These are generally made by slitting a 
square piece of TPO membrane from its center to a corner and 
then spreading the membrane out at the slit to cause the 
opposite corner to form a loose pleat. The gap between the 
spread edges of the slit is then filled in with another piece of 
TPO membrane, which is heat sealed in place to form a 
unitary corner patch. In use, the loose pleat is applied around 
the bottom corner of a protrusion and the patch is heat sealed 
to surrounding TPO membranes on the roof and the protru 
sion to form a water-tight seal. 
0005. Other examples of attempted solutions can be found 
in U.S. Pat. Nos. 4,700,512; 4,799,986; 4,872,296; and 5,706, 
610. It also has been common in the past for installers of 
membrane roofs to custom make their own corner patches 
on-site by heating, stretching, cutting, and otherwise manipu 
lating small pieces of TPO membrane. Corner patches and 
other solutions in the past have not been entirely satisfactory 
for a number of reasons including that they do not fit well 
around corners, they must be “bunched up' to fit a corner 
properly, thus jeopardizing the ability for form a reliable seal, 
and/or they contain heat sealedjoints that can failand result in 
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a leak. There is a need for a corner patch that addresses 
satisfactorily the shortcomings and problems of the prior art. 

SUMMARY 

0006 Briefly described, a patch is disclosed for flat TPO 
sealed roofs that seals the outside bottom corners of roof 
protrusions such as vents, ductwork, air conditioning units, 
where the corners meet the flat roof. In one embodiment, the 
patch is made of a circular blank of TPO material that is 
vacuum formed to produce a plurality of radially extending 
flutes or peaks and valleys in the patch. This is referred to 
herein as a daisy wheel configuration. The number of flutes, 
the depth of each flute, and the radius of the blank are opti 
mized according to methods of the invention so that the patch 
fits an outside bottom corner of a roof protrusion perfectly or 
near perfectly when the flutes are spread out. The patch can 
then be heat sealed to surrounding TPO membranes on the 
protrusion and the roof to provide a water-tight seal where 
corners of protrusions meet the flat roof. The TPO daisy 
wheel corner patch of this disclosure also can be optimized 
for corners that are not orthogonal; i.e. where the sides of the 
protrusion and the roof do not form right angles with respect 
to each other. This has not generally been possible with prior 
art prefabricated corners and has required tedious custom 
fabricating of corner patches on sight for acceptable results. 
The patch of this invention also is easily and efficiently pack 
aged because the daisy wheel shape of the patches allows 
them to be nested together in a compact stack. 
0007 Thus, an improved prefabricated TPO corner patch 

is now provided that fits a corner for which it is designed 
perfectly to provide a reliable water-tight seal, that is compact 
and efficient to stack, store, and transport, and that can be 
optimized for orthogonal and other outside corner shapes 
commonly encountered in flat or semi-flat commercial roofs. 
These and other aspects, features, and advantages will be 
better understood upon review of the detailed description set 
forth below when taken in conjunction with the accompany 
ing drawing figures, which are briefly described as follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a perspective view of a section of a flat TPO 
sealed roof with a protrusion and illustrates one preferred 
application of the TPO outside corner patch. 
0009 FIG. 2 is a perspective view of a TPO outside corner 
patch that embodies principles of the disclosure in a preferred 
form. 

(0010 FIG. 3 a perspective view of a circular TPO blank 
from which the corner patch of this disclosure is molded 
illustrating design variables for optimizing the number and 
depth of flutes for a particular corner. 
0011 FIG. 4 shows a generic protrusion with a corner 
patch and illustrates how a design circumference is deter 
mined for a patch of a give radius. 
0012 FIG. 5 is a graph illustrating the results of the opti 
mization methodology of the present disclosure. 
0013 FIG. 6 illustrates the variables involved when 
designing an outside corner patch for a non-orthogonal pro 
trusion, in this case a wedge-shaped protrusion on a flat roof. 
0014 FIG. 7a is a side elevational view of a non-orthogo 
nal roof protrusion forming an acute angle at two of its cor 
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0015 FIG.7b is a side elevational view of a non-orthogo 
nal roof protrusion forming an obtuse angle at two of its 
COCS. 

0016 FIG. 8 illustrates an outside corner patch applied to 
a roof protrusion having two faces that are non-orthogonal 
with respect to the roof plane. 
0017 FIG. 9 is a geometric construction illustrating the 
variables involved when designing an outside corner patch for 
a protrusion having two non-orthogonal faces. 
0018 FIGS. 10a and 10b illustrate outside corner patches 
fitting corners of acute angled pyramid corners and obtuse 
angle pyramid corners. 
0019 FIGS. 11a and 11b illustrate application of the 
methodology of this invention to design corner patches for 
outside corners having four intersecting sides that each form 
non-orthogonal angles with respect to each other. 
0020 FIGS.12a, 12b, and 12c illustrate the invention in an 
alternate embodiment where fluted sections are formed at the 
ends of an elongated Strip of TPO material for sealing a seam 
of a protrusion and the corners at the ends of the seam with a 
single patch. 
0021 FIG. 13 illustrates a section of a commercial roof 
having a roof deck, a rectangular wall, and a parapet wall, the 
corners of which are sealed with various corner patches 
according to the invention. 
0022 FIGS. 14a and 14b illustrate an inside corner patch 
according to the invention for sealing an inside corner on a 
TPO or other membrane based roof. 

DETAILED DESCRIPTION 

0023 Referring now in more detail to the drawing figures, 
wherein like reference numerals indicate like parts through 
out the several views, FIG. 1 illustrates a section 11 of a flat 
roof having a protrusion 13. The protrusion is illustrated as a 
generic Square upward projection from the roof deck. In real 
ity, Such projections take many forms and protrusion 13 may 
represent, for example, a chimney, a vent pipe, a duct, and air 
conditioning platform or unit, or otherwise. In any event, the 
protrusion 13 and the flat roof deck form outside corners 20 
where the corners of the protrusion meet the roof deck. In the 
illustrated embodiment, the outside corners 20 are orthogo 
nal; that is, the faces of the protrusion and the roof deck all 
meet at approximately right angles. However, the outside 
corner patch of this disclosure is not limited to use with 
orthogonal outside corners but may be optimized for non 
orthogonal outside corners. 
0024. The flat portion of the roof 11 is covered and sealed 
with a TPO membrane 14 as is known in the roofing art to 
prevent water from leaking into the building below. A cutout 
(not visible) is formed in the membrane at the location of the 
protrusion and the peripheral edges of the cutout extend up to 
the bottom of the protrusion. In order to seal along these 
bottom edges, a skirt or apron 16 of TPO membrane material 
is wrapped around and sealed to the protrusion 13 with the 
bottom of the skirt 16 flaring out to overly the membrane 14. 
More particularly, the skirt 16, when installed, includes an 
upper portion 17 that covers at least the lower section of the 
protrusion and flaps 18 that flare outwardly to overly and 
cover the membrane 14, to which the flaps 18 are thermally 
welded to forma watertight seal. In order to allow the flaps 18 
to extend outwardly, the TPO membrane forming the skirt 16 
is slit during installation at the bottom corners of the protru 
sion, as indicated by reference numeral 19. This leaves an 
outside corner 20 where the corners of the protrusion and the 
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end of the slit meet the roof deck that is subject to leaks unless 
properly sealed. Outside corner patches 21 according to the 
present disclosure are applied to seal these outside corners 20, 
as detailed below. 
0025. An outside corner patch 21 according to the present 
disclosure is applied at each of the outside corners 20 of the 
protrusion to form a watertight seal at these corners. Refer 
ring to the foreground outside corner in FIG. 1, the outside 
corner patch 21 comprises a specially formed circular piece 
of TPO membrane material that has been fluted, as detailed 
below, to conform to the shape of the outside corner when the 
patch is spread out. In this illustration, the corner patch 21 is 
applied beneath the upper portion 17 of the skirt and beneath 
the two adjacent flaps 18. It will be understood, however, that 
the patch also may be applied over the top of the upperportion 
17 of the skirt and over the top of the two adjacent flaps 18 if 
desired. In either event, the corner patch 21 is thermally 
welded to the TPO material of the skirt 16 and the roof 
membrane 14, as indicated at 22, thus forming a watertight 
seal at the bottom outside corner of the protrusion. Thermal 
welding or heat sealing of TPO corners and other members to 
membranes is well known in the commercial roofing trade 
and thus the details of this process need not be discussed in 
detail here. 
0026 FIG. 2 illustrates a preferred configuration of the 
outside corner patch of this disclosure before being applied to 
the outside corner of a protrusion, as illustrated in FIG.1. The 
patch 21 is generally circular in shape with a central region 26 
and a periphery 27 and is radially fluted to define an array of 
radially extending peaks 28 and corresponding radially 
extending valleys 29. This forms the daisy wheel configura 
tion of the patch. The peaks and Valleys expand in amplitude 
from substantially Zero amplitude at the central region 26 of 
the patch to a maximum amplitude at the periphery 27 of the 
patch. The patch 21 can be fabricated in a variety of ways. 
Preferably, however, a circular cutout of standard TPO mem 
brane material is heated and vacuum formed to generate the 
daisy wheel configuration with a predetermined number of 
peaks and valleys. Other possible fabrication methods might 
include injection molding, thermoforming, pressure molding, 
or similar known techniques. The patch shown in FIG. 2 is 
illustrated with 10 peaks and 10 valleys defining the daisy 
wheel configuration. However fewer or more peaks and val 
leys might be selected based upon the optimization tech 
niques described in detail below. 
0027. For installation of the outside corner patch of this 
disclosure, the patch is positioned with its central region 26 
aligned with and covering the corner where the faces of the 
protrusion meet the flat roof. The flutes of the patch are then 
spread out substantially flat as the patch is conformed to the 
contour of the outside corner. More specifically, the flutes are 
spread out until the patch lies flat against both of the faces of 
the protrusion and also lies flat against the flat roofing mem 
brane in the region of the corner. With the number of flutes 
and the sizes of the flutes optimized for the three dimensional 
shape of the outside corner, the patch conforms near perfectly 
to the faces of the protrusion and the roof when fully spread 
out. The patch can then be thermally welded or heat sealed to 
the underlying or overlying, as the case may be, TPO material 
of the upper portion 17 of the skirt, the flaps 18, and the roof 
membrane 14 thus forming a watertight seal at the outside 
corner of the protrusion. 
0028. As mentioned above, in order for the outside corner 
patch of this disclosure to conform to an outside corner, its 
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configuration, i.e. the number and sizes of the flutes should be 
optimized for the shape of the outside corner and the diameter 
of the patch. Most outside corners are orthogonal, but the 
patch may also be optimized for non-orthogonal outside cor 
ners if desired. The optimization methodology described 
immediately below is for an orthogonal outside corner. FIG. 
3 illustrates the design variables that enter into the optimiza 
tion process. The starting circular blank of TPO material 31 
from which the patch is to be formed has a center O., a 
periphery 33 and can be divided into pie-shaped sections 34, 
each of which will be deformed into a generally cone-shaped 
peak or a valley of the final fluted patch, as illustrated by 
phantom line 36. An imaginary plunge circle 37 may be 
constructed as an aid in deriving the optimization algorithms. 
The variables shown in FIG.3 that are relevant to the optimi 
zation process of this invention are defined as follows. 

0029 n: number of flutes (total of peaks plus valleys) 
0030 r. radius of circular TPO blank 
10031 r. radius of plunge circle 
0032 C.: flute blank angle 
0033 h: depth of draw 
0034 f: flute depth angle 
0035 a, b, c, d, and e identify various useful points on 
the construction With these optimization variables 
identified, and with reference to FIG.3, we see that for 
triangle oac: 

Thus: ab=2r, sin(C/2) (1) 

where: CF2 in (2) 

0036) Assume that a plunge circle will generate arc aeb 
when the flat blank is deformed so that the edge of the flute 
conforms to the plunge circle. Then, for triangle acd, we can 
see from the Pythagorean Theorem for right triangles that: 

SO: r’=(ab/2)^+(rp-h)? 

solving this equation for r gives: 

so that: B=2 sin (ab/2r) (4) 
0037 Hence, for a given depth of draw “h” the plunge 
circle radius r can be calculated from equation 3. Then, the 
plunge circle circumference is: 

2JIr, 
and the length of the flute edge that will follow the contour of 
the plunge circle when the blank is deformed is: 

Finally, the total length of the perimeter edge of a fluted patch 
with n flutes, which we shall designate the “fluted circumfer 
ence” or c is given by the total of the lengths of each indi 
vidual flute, or: 

Now, referring to FIG. 4, which shows a fluted circular patch 
stretched flat and conformed to an outside orthogonal corner, 
and considering that the radius of the fluted patch is equal to 
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the radius of the blank r, we can determine, using the equa 
tion below, the total length of the perimeter of a fluted patch 
required for the patch to conform to the orthogonal corner. We 
shall call this perimeter length the “design circumference' or 
simply the “target.” 

The design circumference also can be derived by considering 
that A in FIG. 4 is 3/4 of a circle while Band Care each /4 of 
a circle. Adding the circumferences of each of these partial 
circles gives: 

0038 Hence, optimization routines can be run for a blank 
of a given radius by selecting various values of flute draw h 
and, for each value of h, varying the number of flutes n until 
the combination of hand n generate a fluted circumference c, 
that is equal or very close to the design circumference given 
by equation 6. FIG. 5 illustrates, in the form of a graph, the 
results of Such an iteration to determine the optimum combi 
nation of flutes n and flute draw h required for a corner patch 
having a 4 inch diameter radius to conform perfectly to an 
outside orthogonal corner. The design circumference or target 
calculated from equation 6 is represented by the dark hori 
Zontal line on the graph. Each curve of the graph represents 
the fluted circumference c, for one of the flute draw values 
shown in the box at the upper right of the graph for various 
values of the number of flutes n. It will be noted that only the 
data points on each graph represent a realistic combination of 
hand n since in must be an even integer. 
0039. It can be seen from FIG. 5 that the following com 
binations of number of flutes n and flute draw h generate, for 
a four inch radius blank, a fluted circumference that is very 
close the design circumference: 
0040 n=12 and h=0.69 inch 
0041, n=16 and h=0.5 inch 
and n=20 and h-0.4 inch 
Either of these combinations would result in a fluted patch 
that would conform to an outside orthogonal corner when 
stretched out flat. However, due to manufacturing consider 
ations, and to produce a relatively rigid and robust final prod 
uct, the first combination of n=12 and h-0.69 is considered 
most optimal. 
0042. A four inch radius TPO blank was formed according 
to the above optimization methodology with 12 flutes and a 
flute draw of 0.69 inches and was tested on an orthogonal 
outside corner of a protrusion. The test patch proved to con 
form near perfectly to the corner when placed with its center 
directly at the corner and its flutes stretched out flat to cover 
the deck and contiguous sides of the protrusion. Of course, 
patches of radii other than 4 inches Such as, for instance, 2, 6. 
or 8 inches, can be optimized according to the forgoing meth 
odology so that the radius of the starting TPO blank is not a 
limitation of the methodology or the invention. 
0043. The considerations are similar when designing an 
outside corner patch that fits near perfectly over an outside 
corner that is not orthogonal. FIG. 6 illustrates such a situa 
tion. Here, a roof protrusion 51 has an angled face 52 that 
defines two non-orthogonal corners 53 where the angled face 
meets the roof deck. More specifically, the corners 53 are 
wedge-shaped from the side and extend upwardly from the 
roof deck at an acute angley with respect to the roof deck. The 
shape of a protrusion with orthogonal corners is shown in 
phantom line and identified with reference numeral 54 as a 
relative comparison. 
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0044) The outline P of a corner patch that fits the acute 
angle wedge-shaped corner is shown in FIG. 6 with various 
identifying markings that are involved in calculations when 
optimizing a corner patch to fit the non-orthogonal corner 
defined by angle Y. Specifically, strategic points around the 
circumference of the outline are identified as a, b, c, d, and e 
and sections of the outline defined by these points are identi 
fied as sections 1, 2, 3, 4, and 5. It will be seen then that the 
total circumference S of the outline P (and thus the required 
circumference of a flattened corner patch designed to fit the 
corner) is ab+bc--cd+de+ea. 
0045. It can be seen from FIG. 6 that sections 1, 2, 3, and 
5 of the outline Peach consists of one quarter of a circle, or 
trf2. However, unlike the example above for an orthogonal 
corner, section 4 extends for less than a quarter of a circle and 
specifically extends for angle Y up the wedge-shaped side of 
the protrusion. Thus, the length L of segment de can be 
calculated by the following equation: 

L=ry (7) 

where the angle Y is expressed in radians. Accordingly, the 
total circumference S needed to fit a corner patch to the 
non-orthogonal corner shown in FIG. 6 is given by: 

S=2 rhyr (8) 

Where Yr is the length of the “extra arc’ needed to span the 
wedge shaped side of the protrusion. In the special case of an 
orthogonal outside corner, then Y Tur/2 and the total circum 
ference is 4/4(2 tr)+7tr/2=4/4(2 tr)+/4(2 tr)=5/4(2 tr), the 
results obtained in equation (6) above for an orthogonal out 
side corner. Equation 8, then, is the generalized equation for 
the design or target conference of a corner patch for a protru 
sion having a non-orthogonal wedge-shaped corner, such as 
that of FIG. 6. 
0046 Having determined a design circumference accord 
ing to equation (8), this design circumference can be substi 
tuted into the fluting equations and optimized through ittera 
tation as described above for various values of flute draw h 
and number of flutes n. The optimization methodology is the 
same as with the special case of an orthogonal outside corner. 
The result is outside corner patch with the optimized number 
of flutes and flute draw that, when flattened, will fit the non 
orthogonal corner near perfectly. 
0047. Following are examples of this process for an acute 
angle outside corner Such as that shown in FIG. 6 as well as 
outside corners defined by other angles. 

EXAMPLES 

0048. The following examples are better understood with 
reference to FIGS. 7a and 7b, which show a non-orthogonal 
outside corner with an acute angle and a non orthogonal 
outside corner with an obtuse angle respectively. 
0049. 1. When Y=0 (corresponding to a flat surface), then 
the generalized design circumference is give by equation (8) 
as 27tr+0=2Jur, the circumference of an ordinary circle. Obvi 
ously, no patch is required to fit a flat surface. 
0050 2. When Y=TL/2 (90 degrees), corresponding to an 
orthogonal outside corner, then the design circumference 
given be equation (8) is 5/4(2 tr) as we have seen above. 
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0051 3. When Y is an acute angle, say L/4 (corresponding 
to a 45 degree angle), then the design conference given by 
equation (8) is 2 tri-Jur/4=9/8(27tr). This can also be expressed 
as 2 tr--/4(27tr)-/s (27tr), where the last term represents the 
length of an orthogonal optimized arc that must be “removed 
to fit an outside corner with a 45 degree angle. This is indi 
cated by the term “arc to be removed” in FIG. 7a. 
0.052 4. When Y is an obtuse angle, say 37L/4 (correspond 
ing to 135 degrees), then the design circumference given by 
equation (8) is 2 tr--3 tr/4=11/8(2Jur). Again, this can be 
expressed as 2 tr--/4(27tr)+/8(27tr), where the last term repre 
sents the length of an orthogonal optimized arc that must be 
“added to fit an outside corner with a 135 degree angle. This 
is indicated by the term “arc to be added” in FIG.7b. 
0053. It will be seen therefore that the generalized equa 
tion for the design circumference of an outside corner patch 
can be used to optimize a patch to fit near perfectly to an 
outside corner having one angle that can vary between 0 
degrees and 180 degrees. 
0054 What about the case where more than one face of a 
roof protrusion is non-orthogonal with respect to the plane of 
the roof? Such a protrusion is illustrated in FIG. 8 wherein 
both faces f1 and f2 are seen to extend upwardly from a roof 
deck at an acute angle less than 1/2 (90 degrees). This will be 
referred to herein as a "pyramid protrusion.” An outside cor 
ner patch can be designed for Such a pyramid protrusion with 
a further refinement of the equation for the design circumfer 
ence, as described below. 
0055 Referring to FIG. 9, the geometry of the pyramid 
protrusion is illustrated in three dimensional space defined by 
axes X, Y, and Z. The pyramid protrusion has face f1 that 
defines an acute angle 8 with respect to the roof deck and face 
f2 that defines an angle Y with respect to the roof deck. An 
outside corner patch P is shown in flattened configuration 
conforming to the faces of the pyramid protrusion with points 
a, b, c, d, and e defined on the circumference of the patch at 
strategic locations. Points A, B, C, D, and O also are defined 
in the illustration of FIG. 9. The design circumference S for 
outside corner patch is again equal to ab+bc--cd+de+ea. For 
the geometry of the pyramid corner, this equation becomes: 

where 8 is the angle in radians formed by triangle OBC with 
respect to the XY plane and Y is the angle in radians formed by 
the triangle OAB with respect to the XY plane. With angles Y 
and ö defined for a particular non-orthogonal outside corner 
(or orthogonal corner for that matter), then the design circum 
ference S can be calculated and subjected to the optimization 
methodology described above to design an outside corner 
patch with the proper number of flutes and the proper plunge 
circle so that when the patch is flattened, it will fit the outside 
corner of the pyramid protrusion near perfectly. As an 
example, assume that both faces of a pyramid protrusion form 
an angle of L/4 (45 degrees) with respect to the roof deck. 
Then, using equation 9, the design circumference can be 
calculated as follows: 

0056. Of course, the more generalized equation (9) should 
reduce to equation (8) in the case of a single face that is angled 
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with respect to the roof deck and to equation (6) in the case of 
an orthogonal outside corner, which we see that it does: 
0057. Where 8=TL/2 (90 degrees) and Y=TL/4 (45 degrees), 
then equation (9) becomes: 

which is the result in example 3 above. Similarly, if both Y and 
8 are JL/2 (90 degrees), then equation (9) should reduce to 
equation (6) for the case of an orthogonal outside corner, 
which we see that it does: 

As with equation 8, the more generalized equation 9 works 
with acute angles and obtuse angles as illustrated in FIGS. 
10a and 10b. Again, once the design circumference is deter 
mined for any configuration of outside corner, then the opti 
mization methodology described above is carried out with the 
determined design conference to reveal a daisy wheel corner 
patch that, when flattened, will fit near perfectly to the corner. 
0058 FIGS. 11a and 11b illustrate application of the 
methodology of the present invention for designing outside 
corner patches for corners formed by intersecting non-planar 
faces. For Such cases, calculation of the design circumference 
is done in a similar manner as that described above, except 
more than two angles are variable in the general equation for 
S 

0059 FIGS. 12a, 12b, and 12c illustrate another variation 
of the invention comprising a rectangular strip of TPO or 
other roofing membrane of length L fluted at its ends. As 
shown in FIG.12a, this embodiment of the invention is suited 
for situations where the length L of a side of a roof protrusion 
is known in advance and the angle Y that the protrusion makes 
with the roof deck also is known. The design conference is 
determined for the outside corner defining angle Y as 
described above. The optimization methodology is then car 
ried out to determine the optimum number of flutes and the 
optimum plunge circle radius as described. However, after 
optimization, the flutes are separated equally and formed on 
the semicircular ends of the elongated blank illustrated in 
FIG. 12b. The result is an elongated patch designed to seal 
both the straight seam and the corners formed by a protrusion 
on the roof of a commercial (or residential) building. 
0060 FIG. 13 illustrates a section of a roof with various 
types of corners sealed with corner patches according to the 
invention. The roof has a deck 61 sealed with a membrane 
according to known techniques. A rectangular wall 62 
extends along one side of the roof and a parapet wall 63 
extends along an adjacent side of the roofto meet the rectan 
gular wall at a corner of the roof. The parapet wall 63 is 
characterized by an angled inside face 64that extends downto 
the deck of the roof 61. The rectangular wall forms an 
orthogonal outside corner 69 at its end and the parapet wall 63 
forms a wedge shaped outside corner 68 at its end. The 
orthogonal outside corner 69 is sealed with an outside corner 
patch 66 optimized for an orthogonal outside corner accord 
ing the first disclosed embodiment described above (which 
also could have been designed using the equation of FIG. 9 
with both angles set to JL/2). The wedge-shaped outside corner 
68 is sealed with a generalized outside corner patch according 
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to the second disclosed embodiment above (which also could 
have been designed by the third embodiment with one angle 
equal to JL/2). 
0061 The inside corner 67 formed by the junction of the 
rectangular wall 62 and the parapet wall 63 is sealed by an 
inside corner patch71 according to the invention. The inside 
corner patch is molded or otherwise formed with three faces, 
to of which are orthogonal to cover the roof deck and part of 
the face of the rectangular wall and the third of which is 
angled at an angle Y so that it fits Snuggle against the angle 
wall 64 of the parapet wall. Such inside corner patches may be 
pre-molded from TPO or other membrane material with vari 
ous angles fixed into the patch to conform to inside corners of 
various angles and configurations. For example, FIG. 14a 
illustrates an inside corner patch 73 for an orthogonal inside 
corner having faces 74, 75, and 76 that are mutually orthogo 
nal. FIG. 14b illustrates an inside corner patch 77 having 
orthogonal faces 78 and 81 and face 79 that forms an angley 
with respect to face 81. This is the type of patch seen on the 
inside corner in FIG. 13. Of course, inside corner patches can 
be molded or formed with all of its faces non-orthogonal to 
accommodate unusual inside corners on commercial or resi 
dential roofs. Inside corner patches do not require optimiza 
tion as do outside corner patches since each is configured for 
a correspondingly shaped inside corner 
0062. The invention has been described herein in terms of 
preferred embodiments and methodologies considered by the 
inventors to represent the best mode of carrying out the inven 
tion. However, numerous additions, deletions, and modifica 
tions of the illustrated embodiments might be made by those 
of skill in the art without departing from the spirit and scope 
of the invention as set forth in the claims. For example, the 
patch has been described within the context of flat commer 
cial roofing. However, the invention is not limited to flat roofs 
or commercial roofing but may be adapted for sealing corner 
protrusions in non-flat roofs. Indeed, the invention may be 
applied in non-roofing scenarios Such as in sheet metal struc 
tures, tub and shower basins, and the like where it is desired to 
seal outside corners of protrusions. 

What is claimed is: 
1. An outside corner patch comprising a body having a 

central region and a plurality of flutes radiating outwardly 
from the central region. 

2. The outside corner patch of claim 1 and wherein the body 
is Substantially circular having a periphery and the flutes 
extend radially outwardly from the central region toward the 
periphery. 

3. The outside corner patch of claim 1 and wherein the body 
is made of a thermoplastic polyolefin membrane. 

4. The outside corner patch of claim 1 and wherein the 
patch conforms to the Surfaces of an outside corner when the 
flutes are spread flat. 

5. The outside corner patch of claim 4 and wherein the 
outside corner is orthogonal. 

6. The outside corner patch of claim 1 and wherein each 
flute comprises a ridge or a valley. 

7. The outside corner patch of claim 6an wherein each flute 
forms a Substantially conical section. 

8. The outside corner patch of claim 1 and wherein the 
flutes have a flute draw and wherein the number of flutes and 
their flute draws are optimized such that the corner patch 
conforms to the surfaces of an outside corner when the flutes 
are spread flat. 
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9. A roof comprising: 
a roof deck; 
a protrusion projecting upwardly from the roof deck and 

forming an outside corner where the protrusion meets 
the roof deck; 

a membrane covering the roof deck; 
a membrane at least partially covering the protrusion; and 
an outside corner patch covering and sealing the outside 

corner, the outside corner patch comprising a body with 
a central portion and a plurality of flutes radiating out 
wardly from the central portion, the flutes being 
stretched flat to conform the corner patch to the surfaces 
of the outside corner. 

10. The roof of claim 9 and wherein the membranes are 
made of thermoplastic polyolefin. 

11. The roof of claim 10 and wherein the outside corner 
patch is made of thermoplastic polyolefin. 

12. The roof of claim 9 and wherein the membranes and the 
outside corner patch are bonded to each other to form a 
Substantially watertight seal. 

13. The roof of claim 12 and wherein the membranes and 
the outside corner patch are thermally welded to each other. 

14. The roof of claim 13 and wherein the membranes and 
the outside corner patch are made of a thermoplastic polyole 
fin material. 
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15. A method of fabricating a corner patch for sealing an 
outside corner where a protrusion meets the deck of a roof, the 
method comprising the steps of 

(a) providing a patch body made of a deformable material; 
and 

(b) forming in the patch body a plurality of flutes radiating 
outwardly from a central portion of the patch body. 

16. The method of claim 15 and where in step (a) the patch 
body is substantially circular. 

17. The method of claim 16 and where in step (b) the flutes 
extend radially outwardly from the central portion of the 
substantially circular body. 

18. The method of claim 15 and where in step (a) the 
deformable material is a thermoplastic polyolefin. 

19. The method of claim 15 and wherein step (b) further 
comprises determining the number of flutes and the size of 
each flute required to ensure that the corner patch conforms to 
the surfaces of the outside corner when the flutes are spread 
out and forming in the patch body the determined number of 
flutes with the predetermined sizes. 

20. The method of claim 19 and wherein the determining 
step comprises determining a design circumference for the 
outside corner and optimizing the number of flutes and a flute 
draw so that a fluted circumference of the corner patch is 
Substantially the same as the design circumference. 
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